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An ana1;gsis of the effects of corgress3bility on tha longi- 
tudinal stabilrty,  control, and trim of afrplanes flying at high 
subsonfc speeds md a discussion of tho causes of and t he  man8 
for lessenfng cr preventing the diving tend4ncy etra prasanted. 
W+A-tunnel results for Fach nmbers up to 0.90 azo included for 
purposes of illustration and cover ewer& invastigations of 
longitudinal  stabflity ant3 control,  airfoil  chaz.acteristice,  dive- 
recovery  aids, and elevator characteristics.  &&hods are indi- 
cated for campensating fur the  undesirable  control tendencies " 

resulting from the  characteristfcs of the wing at  supercritical 
speede by the appropriate  choice of elevator  contour. 

The marked increase in the epeed of airplanes during the 

longitudinal stability and control. Perhaps t h ~  moat  significant 
problem have been thoso  relative to dive racovery because the 
hfghest speeds have been reached in dime. The adverm effects 
of compressibility on the air flm over the  lifting eurfaces of 
the airplane were first evfdenced when the diving speed 
sufficient*  exceeded the critical s p e d  of the airplans wiw 
(the speed at which local sonic  velocity first OCCUTB on the 
wing). In raany instances, a2rp-e devaloped strong diicring 
tendencies and the pilots  experienced p a t  dffficulty in 
effecting  recovery frm dives. Because of the hazardous nature 
of  the problem, extaneive h i m p e e d  wind-tunnel investigations 
were conducted,  which resulted in the developmsnt of carrective 

past few 7 0 W S  has intr&uced p 8 W  p r O b b m S  ConCerniw 



devices m d  the establishment of high-speed  design  criterie. 

A discuseion  of some of the  problems of longitudinul  stability 
and  control  arising in high-speed flight  appears in reference 1. 
Several  inveetigations  conducted  since  the.publicaticm of refep 
ence 1 have added  considerable new ini'ornuztion. m=e present report  
aummrizes the current ImowleQe of highspeed longitudinal  stability 
and control f o r  the range of subsonic  Mach  number3 thus fa r  covered 
by w%d-tunnel  investigationa . The remarks' and design criteria 
included in this report  should rind use in the deaign of high- 
speed ail"glanes or for  correcting t h e  diving tendency of oxierting 
airplanes. It should be noted, however, that at Mach numbers 
above the limits of the tes te  aurrmgtrized in this report nddltioml 
drastfc changes in stability and control may be encountered. 

Tplis discussion io divided i n to  f l v e  main  sections. The first 
section summarizes the muses and prevention of t h o  diving 
tendency. The second eocr;ion cortains expM?ationa of the effects 
of compressibility on longitudinal, stability and trim. The third 
section  containa a discussion of a i r fo i l  characteristics. The 
four+h section -efsrs to .throe high-speed w!.nd--tunnel lnvestiga- 
tions of various methods for m r o v i w  diving charac,teristica of 
airplanes. The fifth  section  contains a diacwalon of t h e  
inCluence of elevator cantour on longitudinal  stsbility end control. 

The  wind-tunnel results included in this report azo fram 'ieBt8 
conducted in the Amos l&foot and 1- by *foot high-apeod wind 
tunnels and have  been  corrected T o r  tare, tunnel-wall, and 
constrictfon  effecte. For d l  calculatiom, unleee otherwise 
noted, the center of gravity is aaswred to be at the qmrte-hord 
point of the m e a n  aerodymnic chord. 

%e symbols w e d  

l i f t  coefficient 

drag coefficient 

pitchirg+noment  coefficient about the quarter-chord point of 



3 

6 

n 

M 

a 

f r ee - s t r am dynmic preaewre ($pW), pounds per square foot 

fie-stream velocity, feet per second 

ewfnce area, equ=tre feet 

rcan aerodyMmic chord, feet 

10~31 chord, feet  

angle of attack, degrees 

e l e a t o r  angle, degrees 

mean square chord of elevator aft of the hinge line, square 
feet  

deflectfon of,momble m r f e c e ,  degrees 

load factor 

lift-curve elope 

two-dimeneional lift-curve slope f o r  incmpreseible flow 

distance between the quarte-chord points of the mean rmer- 
dynrsllc chords of the w i n g  and of me horizon- tail 
plane, feet 
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A aspect ratio (b2/S) 

b span, feet  

Subscripts 

t horizontal tall 

e elevator 

The prima,ry cause of the  high-speed diving tendency iB the 
reduction in lift of t h e  w i n g  at eupercritical  &ch  numbers. The 
loss in l i f t  cauaee- a reduction in wing lif t -curve slope and is 
generally accmganied by an increase in the zero-lift angle,  both 
of which  lead  to  atability  and  trim  changes and. to objoctfonable 
increase in the  ang le  of &ttack or" the  horizontal  tail.  The 
longitudinal control may be aggravated further by the chwackr- 
ietica of the horizontal tail and elemtore. 

The ideal way of obtaining  good  high-speed  dive-recovery 
characteristics f o r  an aimlane w o u l d  be to pro*-de a wing a d  
horizontal  tail w i t h  critical  Mach mbera high enough so that 
the  Mach  number of lift  divergence would exceed the maxlnnrm 
Mach number expected in dives. In cases  where the Mach number of 
l i f t  divergence of the  wing  must be exceeded  in  flight, the divFng 
tendency may often be controlled or prevented  by the proper choice 
of airfoi l  sectiona  and airplane configuration. The main de8ign 
factors  affecting the critical Mach number of the airplane and the 
diving  tendency are the spanwise  variation8 of the thicknesetto" 
chord  ratio,  camber, airfoil  section, taper, and  sweep  of the wing 
and horizontal tail. 

For existing  airplanes where c m o s  in the  foregoing  items 
are not feasible or are inauf'ficient to achieve  satisfactory 
control,  change6 i n  elevator  contour or an auxiliary device, such 
as a dive brake, dive-recovery flap,  or stabilizer flap n t q  be 
employed, or the stabilizer may be made movable. 

Detailed explanations of the effects of capreseibility and 
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of configuration changes m the longitudinal stabi l i ty  and control 
are presented in the folldwing sections. 

A necessary condition f o r  an a f r p b e . . t o  possess static 
longi tudina l   s tab i l i ty  is t h a t  the pftching-mcrment coeff ic ient  
decreases w f t h  increasing l i f t  coeff ic ient ,  If the pitching- 
monent components of only the w5ng and horizon’&l tail are 
considered, neglecting  the  contribution of the tail plane t o  
the t o t a l  ailplane lift,  the s t a t i c  longitudfnal s t a b i l i t y  m y  
be expressed BE( 

Where the  pitching momenta are  measured about the respective 
quartercchord points. 

Ln gensral, as pointed out i n   r e f e r e r ~ e  I, the changes i n  .i;lre acmw 
a L  acL 

longi tudina l   a tab i l i ty  of the wing - and of the tail - 

The predominant effect of compreasibilfty on the etatic 
longitudinal stability of the airplane is ita e f f e c t  on the 
e ix~b i l i z ing  contribuCYion of the tail plane, exprasaed by the 
third term of equation (1). Below the Mach nmibers of l i f t  
divergence of the wing mc€ tail plane, the r a t i o  of the lif%curve 
slope of .the tail plane to that of the w i q  3 remains 
apgro-tely constant. Above the brhch numbsr of lfft divergence 
of the wing but beluw that of the horizontal  tail, the ratio - at 

a, 

- %  
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inoreases Because the w i q  lift-curve slope is rnterially fiecreased. 
The reduction  In &w and the accmpmydng reductfa in produce 
a serious increase In the atatic longitudinal etabllity. In c a m s  
where the c r i t i c a l  Mach number is lower for the inboard portion of 
t ho  w i n g  than for the outboard p Y t i O m ,  the  loss of l i f t  over the 
inboard portion results i n  EL greater reduction of the downwash cm 
the tail plane asld Q further fncrease in the longitudinal 
stability. 

dn, 

In the usual case, where t he  Mach number of l i f t  =vergence 
of the tail is  higher than that of t h e  wTng, a decrease fn the 
s t a t i c  1ol.le;ltudha.l stability would bo expocted upon exceeding 
the lift divergence Mach number of the tail. Furthermore, the 
loss I n  elevator ef2'ectivenese above t h i a  Mzch nmgber would lead 
to control difficulties. 

Longitudinal T r i m  

I h o  chartge.3 in Longitudinal trim due t o  cmprees ib i l i t y  
effect8 may be analyzed by considering the pftchingaant 
coeff ic ient  of an airplane under the same assumptions as thoee 
used f o r  es%bliehing equation (I): 

but 



No importan3 t r b  change 1s to be expected in  'the subcr i t ica l  
raze of &ch numbers, but above the k c h  number of l i f t  divergence 
nf the fl-ng, unfavorable t r - i m  changes occur which increase t h e  angle 
of attack of the tail and lead t o  a diving  tendency. The principal 
seuaes of the  adverse changes in trim at Mach nunbars above that f o r  
lift divergence f o r  a l l  a2cplanes are t h e  reduct ion  in  lift-curve 
slop and outb0e;d  shifts tn the span 1os4ing of the wing. Existing 
data indlcate little change i n  the other f ac tom  en tedng  equation (2) 
f o r  airplanes vitI-1 w2ngs having  s,pmetrical or conventional a i r f o i l  
sec+.iom.  Emever, f o r  airplsnes having wings wlth NACA &series 
airfoil sectione, a signiffcant  increme in  the angle of a t tack  for 
zero lift occws above the IS&. nunber of l i f t  divergence when camber 
c d  thickness-to-chord r a t io s  greater than 12 percent are mod. 
AGcampanging the inc-reased zero-lift angle for such a i r fo i l s ,   t he re  
is a favorable increase ic the w i n g  pitching mament which par t i a l ly  
balaucos the advirse e f fec t  of the increased zero lift angla. 
S O C O I I ~ ~  trim changes may be caused by fuselages, nacelles, o r  
pmex-phnt installatim, depending on the  catf igurat ion of the 
airplane. 

'Bo preceding  diseuseions have stressed t h a t  the wing should 
have a c r i t i c a l  Mach number high enough that the Mach number of 
lift divergence approaches as closelx as possible or  excoeda the 
lnvsximumMech nuniber sxpcctod i n  f l€&t.  The most effect ive means 
f o r  acccrm-plishlng this are t h e  uee of sweep, low a e p c t  ra t io ,  or 
low thicknese-tc+chord r a t i o  T n  conjunction w i t h  h i g b - e p s d   a i r f o i l  
sections. Hi&-epod wind-tunnel r e s u l t s   s u i h b l o  f o r  compamtiva 
purposes are prasentcd Ln f i g m a  1 t o  sh3w thc   effect  of thiclmoss 
on "&e drw coefficient, angle of a t tack f o r  zoro lift, lfft-curvo 
s lcp,  and pitchfng+mmnt  coefficient of NACA 6"serios a i r fo i l s .  
Thrad?manaional  data are presented f o r  a, LO-, and E-prcent -  
thick NACA G%er io~ a f r f o i l s ,  while two d i ~ ~ n ~ i o n a l  data arb 
givcn for &, &, l&, and 12-percent-thick NACA 64-, 6>, an& 
6S.sorios   a i r foi ls .  
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in  tho  zoro-lift -0; fncrcasos  tho Mach numbor of l i f t  
divorgonco;  incroaeoa tho lift-curvo elopo at high Mcch nwibors; 
and dccrc~aecs tho wing pitchiw+norwnt  coofficimt at high Mech 
numbom. 

Figuro 2 prosonts a ewrrmarg of tho offocte of comproesibility 
on t kc  l i f t  charactoristim of mvoral modole of wing8 and airplanas, 
Abovo tho Mach numbors of lfft divcrgonco, t-50 lift coofficlcnts a t  
constant angles of attack for tho cambarod w i n g s  tcnd to collvorgc 
a t  nOg&tiVo valuos. In   o rdo r   t o  auetain i o v a l  flight a t  vcry h4@ 
Mach numbors, tho mquirod positive lift, if obteinablo, rcquirm 
incruaeingly largor angloe of st tack,  which i n  turn ton& t o  
dovolop en incromingly powcjrful diving tcndoncy.  Symraetrical 
ail-foils t end  t o  convorsc 'at zaro lift abovo t ho  Mach numbor of 
119t divcrgcnco. Tho us0 of swoop appoare to bo tho most promisiq 
mothod f o r  re ta ining l i f t  somowhat.lartPtor i n to  tho t w o n i c  spccd 
-0, and has tho advantwo of significant roduc t ims   i n  drag a t  
high Ma& numbers. Longitudlml and .lateral s t a b i l i t y   d i r f i c u l t i o s  
mas ariao with swept wings, howovor, as a raeult of' chmgce  i n  
Eipanwiso load dietribution  occurring at high Ma~h numbera. 

Soma fmorablo results have boon obtalnod by thc  ueo of 
noWtivo3.y dofleztod, krailfng-udgo f l a p  f o r  roducing t h c  
variat ion of l i f t  cocfficion-i; wi th  Mach nunibor for unrrwopt wings. 
Two-dimensional and threa-dimmaional  wind-tmcl roeults f o r  
nogativo f lap  dofloct ione on tho M C A  634210 airfcdl w o  eham in 
f I g w c  3. Abovo t h e  Mach numbor of lift divorgenco, t ho  1088 in  
flag offoctivonoss  (negatfvo)  ten& t o  balance SIC l m e  in  w3.w 
l l f t .  Bocaueo t he  3Lf.t does not drop off 80 abruptly a8 in tho 
cas0 of t h o  basic wing, thors  results a amowhat smallcr -m.riation 
with &ch numbor of tho angle of attack  rcquired t o  maintain e, 
constant lift coofficfont. Tho pitching-momont coofficionts 
a p p u r  t o  convorgo toward those for t h o  baeic airfor1 a t  tho 
hi@ost Mach nmbore. 

Tho ,uec of nogativcly  dofloctod flaps, howwor, involvoa e m o  
limitations.  For oach $lap sottin@: thoro i e  a rclativoly em11 

I rango of lift coofficionts &tare t h o  variation of lift vi,& Mach 
numbor ia ap3rociably roducod. Also, hcrcae ingly  h r g c r  dcfloctiom 
o r  largor fkp w m l d  probably bo rsquirud f o r  hi&or l i f t  cofif- 
f iciont.  Further, a8 ehcnn i n  f iguro 3 at  Mach numbem wol l  sbmo 
tho Mach nwnber of lift divargonco, tho flaps 1080 t h G i r  off'uctivo" 
neas duo t o  t h o  soparation on the  lower surfaco of tho f l a p s .  Aftor 
t h e  f'lapa bccme inefffoctim, tho l i f t  m y  possibly  diminish with 
fur thor  incrcaso in Mech numbar ir, the amno m o r  as that foi. t h o  
baaic ~ 1 %  at  o r  mar tho a a o  an&e of at tack,  



Nogativo- cambomd airfoils hmo not boon u m d  in  high-6pead 
flight, but tkc a-oaults ir, figure 2 indicnto that t h o r n  would bc t 
convergonco a t  smll positivo l i f t  c w f l i c i m t s  if  the w i n g 3  ware 
moroly inmrtcd. Tho maximum lift coaff ic icnt  f o r  such EL w m ,  
hmrovor, would bo appreciably loss thnn that f o r  t h e  w i n g  i n   i t a  
nonmlly upright  st t i tudo. 

Throo hi@+psod wind-tunnel inveetigatfom of airplan3 modcls 
oxhibiting tho diving tcndunc;. t o  v a q i w  &egreus wtll now bo 
p ~ s c n t e d .  

Cese 1. 

In  order t o  develop cwas  for tho divfrg tonCency, several 
charqos wore =do to  the model e.8 indicetod i n  figum 4. Rmovel 



fuselage, which was cmducivo t o   s o m a t i o n .  Tho ins tzd l r t ion  af 
tho ravissd fusolago ramcdied those f x c  c,mditiorm and m t o r i d l p  
incroasod t h o  Mach number a t  which +L= CivirG tmdancy dcvclopod. 
I n  t o m  02 equation (2 ) ,  the  improvement wcs duo t o  t h o  dolaying 

of tho dfvorgencc i n  tbo lift-curvc alopc  and +&e d m m h  

on tho tail % t o  a highor Mach nmbor than thzt for tplc 

original configuration. 

% 

G L  - 

Othor changos t o  the wing inboard 03 tho boom includod the 
6 o p m t o  additions of a w i n g  bump and. of a wiw glovc which 
extended tho wing chord. " I o  p r p s o  of tho wing bump WEB t o  
rostom lift t o  tho inbocsd sectfon of tho wlng,  The wing glovo 
m8 intondod t o  incroaso   tho   c r i t i ca l  epoad of thc contor portiort 
of tho wiw by decrtjasing tho t h l ~ k r ~ e s s - t ~ o r d  n t i o  m d  t h o  
incidonco.  Noithor a l to ra t ion  m e  satiefacto-y boccwo of the 
powerful advomo effoct of t35 stan&rd fuselwo, although cach 
h&d 8- favorablcl of f  U C t .  

Changes t o  t h c  wing outboard of tho boom includod droop- 
tho ailerons l 5 O  and tho addition of divo-rocovaq I k p s .  Tho 
d m o p d  cflorone improved the pitchirqpmmnt  chc,rmtol is t ics  nnd 
raised the Mach nmbor a t  which tho  .diving  tcnd~ncy dovo1opc.d 
bocawo the largo cm-bor oxisting ovor th$  outbocrd-portion of tho 
w i n g  reliavod tho 1Fft OG t h o  contor wing m o l  and rcrduccd tho 
q l o  of attack f o r  zc ro  l i f t  by ahost 30, Tho r o s u l t  w m  that 
tho tail angle af' attack was considerably reducod. Such a can- 
figuration was not applicablo to tho n r m k o ,  howovor, f o r  mvoral 
reasow, an- them b o a  tSat tho d r a g  was doublod. Tho outboard 
dive-mcovery % l a p s  produced a favromblo sh i f t  in trh by docme-  
ing the englo of attack f o r  zero  lift md increasing tho downwash 
on tho tail, but did not al ter  t h ~  k c h  nmibnr a t  which thc diving 
tmdoncy dovelopob. Tho ir,cromo in trim l i f t  coofficiont duo t o  
t h o  chengea ir; pressuro diatribution produced by t h c  flaps m o  
e-rplaincd in mforcnce 4 m i c h  prosonts a s m m ~  03 divc-rocovory 
f l a p  ina ta l la t ions  on sovoral nodols including thoso ~ ~ ~ c u ~ s c I ! ,  in 
thia  rcport .  

Anothor vind-%unnol I.nvostig&ion  involvod a modo1 of 
configuration somewhet similar t o  thc model jmt diacusmd, oxcopt 
that it had two fusolee;cs instaad of two bo- and had no contral  
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fueolwe, as &own in  f iguro 5. Tho wind-tmol  tests w m 6  con- 
ciuctod to C O X T G C ~  tho diving teadcncy m d  b u f f a t i w  whlch 
dovolopod i n  flight &ovo 0.70 Uach nmber. 

High-6poed w i n d - t m d  t o e t s  of the .nodel with w o o l  tufts 
glued t o  tho surfaces rcvo&d exters ive   soprmt im fran tho contcr 
soction of the wing w-d fm tho  fusomoa .  Prossum d.&a diacloscd 
that the slope of' the section noml-fo-o CUTC wzs considcrabb- 
highor for tho inboard  portion of tho wing thrn f o r  tho c u t b x r d  
portion a t  high subcri t ical   Ihch nm30rs bacmss +&e end-glate 
e f f ec t  of t h e  fuselagas  sffoetivola i n m e m o d  the aepoct mkio  wor 
the center ssction of the  w b g .  Tho correspondingly raduced 
pressuros ovor this portion of tho wing rr-ppacicbly lmomd thc 
l o c a l   c r i t i c a l  Mach nmber. In addition t o  thaso influcncca on 
tho s p a n w i s e  var ia t ion of c rP t l c s l  U c - d ~  nunbor, outboerd 03 tho 
fuselages thorn was 2O washout and e rcduction in  thickness-t+ 
chord r a t i o  fron 15 porcent c t  t h ~  fnsclago  to  12 percent at tho 
t i p .  

Tho modifica';ion t o  t h o  wing incroasod the wing p2khing- 



The offoct of the w i n g  nodfficction on the w i n g  stability 

acL wae vory errell exoopt for a sll&t decrcclao‘ E%OVO 0. M x h  

n a b o r  et low lift  coofficionts. 

Tho ana0 c$ attack f o r  zero l i f t  QCL = m a  incroasod by 

the mdal revisiom, but tho variat ion of tho zcro lfft mgle 
throughout t h o  bkch nuzlbo-r r m g o  of U o  teets wae approciEibly 
roducad, thereby  roducing t h o  t-rln changoe chnractor is t ic  of t h ~  
or lg iml  configuration. Tho more caneteLnt zorc-lift ?.n.&o -2y bo 
a t t r ibu ted  to t ho  rcf loxod portion of tho inboard w i n g  sectlon, 
which produced offocts similar to t h o a o  of G nogativol3- dcflocted 
b+perc~nt-chord.  flap. A t  the ’highor kch n d o r s  , tho  roduction 
of negatfvo lif’t eccortpnyiq tho l o e ~  in l i f t  cffoctivonons of tho 
reflexed t m i l i n g  oQo bEt3.nncod tlic loss in poaitiva lilt of tho 
wing. 

The affect of tho mvi~ions  an the wing lifticurvo s l o p ,  t h o  
raciprocal of which appoam in equetion (2) , WP,B nogligiblo. Tho 
rata of chango of downwmh at t h e  tail with chane;ing l f 9 t  

coofficiene aff sctcd f avormblg by tho 

modcl. Bocauso of tho roduction fn offoctivonoea of tho r C f l O X c d .  
tmilhg cdgo a t  high Mxch nwbcrs, thoro WLB &n i n b o d  sh i f  k of 
tho loading on. tho w i n g ,  lncroesing t h o  dowmr?sh ~xq3.0 at tho  tsjl. 

caao 3 

The rosults of anothor wind-tunno2 investigation aro s t m x -  
rizod i n  figuro 6. Tho w i n g  of tho nodol was of rather unusual 
ehapo bocause of t h o  locatian of the jot e@ncs in it8 roota. 
Tho wing eoction at tho center line of tho j e t s  closely mmnblod 
tho NACA 66(218)420 soction with a loccli.nrs-cd&o eir  M o t .  Tho 
line of naxim thicknose was mcpt back ovor tho thickonod r o o t  

. 
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The effect of elevator contour on the hi-nt coeffi- 
cients and long i tud ina l~on t ro l   cha rac t e r i s t i c s  of two models is  
aumnarized in  figures 7 and 8. The results "Ln figuro 7 m r e  
obtaimd w i t h  the model aham i n  f f g u r e  6 ;  whereas those i n  
figure 8 were taken fram the tests of a model of a convantionsl 
l m - w i n g ,  single-fuselage, AI-IIIY pursuit  airplane reportad in 
refemnco 5. 

Because of the large number of factors involwtd, prodlction 
of elevator c h a r a c t e r i ~ t i c e  at high 8 p s d  18 o f t o n  more d i f f i c u l t  
than the prediction of the characterist ic8 of a wing. Experlmantd. 
data have been the beet guide and sama of the m o m  goneral r s su l t e  
am presented in the present report. 

The effect of comprctseibilitg on the beveled t r a i l i n w d @  
bd&ncc i s  clearly shown i n  figurs 7(a). The hinge-mmnt co3fTi- 
c ien ts  for  the e lomtor  having both the overhang-nose balance and 
the beveled t r a i l i n g  odge indicate a high degree 00 balanco at 
0.397 hhch number and a significant  increase in hingwnomnt cooffi- 
cient  with  increasing  angle of attack. A t  tha higher Mach numbiwa 
the combined effectiveness of the two auroiiynamlc balances boccnwe 
exceeslve, and the e lomtore  b o c m  amtable wlth respect t o  the 
var ia t ion of hing3-mmn-t  cmfficient Q-ith elevator deflection. 
R e m o v a l  of the bevels greatly reduced ths a e r o d p x d c  balance and 
eliminated the ina tab i l i ty  a t  higher @.ch numbers. Tho bevel 

marked increase in balance affoctiveness at  higher Mach nunbars 
renders the bevel not generally sultablo for h i g h - s p o d   u 8 ~ .  Th.2 
balance effectiveness of the ov~rhang increases xlth k c h  numbur 
but not as much a8 tht for the b o w l .  Tho uf fec t ivaees  of tho 
sealed, intarnal nciae balance varies w i t h  the a m a  of tha omrhang, 
and is a f f o c t o d  only slightly by compmaeibility. T;hc horizontal 
t a i l  on which tho ceded, intornally balancod olevator waa tosted.  
had the PTACA 652-~15 section with a slightly incroassd span and an 
incidence of O.', while the two blunt-nom elevators were b s t o d  
on a horizontal t a i l  having NACA 0012 and OOOC, sections, 
respectively, a t  the root and t i p ,  and an incidsnce of lo. 
Both horizontal tails were set a t  0' incidence. Becauso of tho 
larga thickmse-"chard ratio of tho t a i l  hcving the sealed, 
i n k r a l l y  balanced  elevators,  the  critical hhch number was bslow 
0.75. A t  0.80 bkch nmnbar, the balancm effoctivenaas WELEI reduced 

J 



due to  sepamtian casaed by a shock wme forward of the vent d o t s  
to the seal chamber. 
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C ONCLUSI OifS 

NACA RM No. A7C24 

Results of eevoral  high-speed Xind-tunml  invoatigatione 
indfcato the following to be conducive t o  fctvorablo hi-peed 
dive-recovery chamctorletice: 

1. Because 106s in l i f t  at supercr i t ical  spoctd i e  tho 
primary cause of the dlving tendency, tho Mech nmbbors of l i f t  
divmgenco of the wing and tail ahould approach as n.?arly a8 
Foesible or oxcood the msximum Mach numbor oxpctod in f l i gh t .  
High Mach numbers of l i f t  divergence nay bc obtained throu&h tho 
careful choice of a i r fo i l   sec t ions  and tho use of raducod thick- 
m a s  ratios,   lar-aspcct  ratio8, or sweep. 

3 .  In order t o  insure a constant  stick-force gradient them 
should be a rainhum variation i n  tPL0 balanca off~ctivenoss of tha 
elovatore over the operating range of Msch numbers. 

4. In  cas08 of exis t ing airplanes or those whars modifi- 
ca t ions   t o  tho wing aro not faasibla and where tho &ch number 
of lift divergewe must be excoedoCt in  flight, control diff ic l r l t iee  
can generally bo lossemd or prevontcd by tha proper choice of 
ehvatore .  In such ca888, tho  elitvator  hingo+omnt  characbr- 
i s t i c s  may lx obtained such thet  favorable control tendencies 
rosu l t  from tho e f fac t s  of the C-S i n  the zerc- l i f t  Etnglo and 
tho span load dist r ibut ion of the wing. 

h a  Aeronautical Laboratmy, 
National Advisory Cormittee f o r  h ronaut lce ,  

Moffatt Field, Calif. 
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